T
here is little that wheat growers fear more than the sudden appearance of bleached ears in lush green wheat fields, which is often an unmistakable sign of Fusarium head blight (FHB). FHB is a devastating wheat disease caused by the fungus F. graminearum. Fusarium-infected wheat ears produce shriveled grains with greatly diminished yield and quality. In addition, mycotoxins produced by the fungus are major concerns for human and livestock health. Fhb1 is the most widely deployed source of genetic FHB resistance. This quantitative and broad-spectrum resistance was originally described in the Chinese wheat cultivar Sumai 3 (released in 1972) and its derivatives. In this issue of Nature Genetics, two independent studies 1, 2 report on the cloning of Fhb1. Both studies used a map-based cloning approach to delimit Fhb1 to a small interval on wheat chromosome arm 3BS. Functional validation showed that a histidine-rich calciumbinding-protein gene (His; also called HRC) contributes to Fhb1 resistance. The His protein localizes to the nucleus, but its exact function in FHB resistance remains unknown. Although both studies agree on the gene responsible for Fhb1 resistance, they reach very contrasting conclusions regarding the causative allele.
Fhb1, reloaded
In the first study, Su et al. 1 delimited Fhb1 to an ~300-kb interval containing 16 candidate genes ( . It is thus possible that both PFT and His may quantitatively contribute toward FHB resistance. Clearly, there are ongoing lessons to be learned from these studies, particularly regarding gene clusters, the extent of high-resolution analysis and experimental tools commonly used to tease apart the questions of gene 'sufficiency' and genes 'required' for function. Experimental methods for gene sufficiency that are based on overexpression and gene silencing are fraught with dangers of misinterpretation, and therefore a timely cautionary reminder is warranted when dealing with apparent contradictions as encountered in the FHB resistance studies. Such issues have been evident from recent findings on gene clusters at the broad-spectrum mildew resistance locus Pm21 in wheat. A combination of gene overexpression and silencing studies implicated a protein kinase gene as Pm21 until a more resolute analysis unambiguously identified a classic plant immune receptor as the causal powdery mildew broad-spectrum resistance gene [7] [8] [9] .
an evolutionary playground
An intriguing observation made in the two studies is that only one resistance-conferring His haplotype (His R ) has been identified, whereas there are several His S haplotypes. The characteristic deletion present in His R is not found in the homoeologous His-3A and His-3D gene copies of hexaploid wheat, and a His R -like haplotype is absent from diploid wild wheat progenitors. These findings suggest that His R evolved after domestication through a spontaneous mutation that most probably occurred in a wheat line grown in the Yangtze Valley. A similar observation has been made for two other atypical disease resistance genes of hexaploid wheat. The Lr67res and Lr34res resistance alleles, encoding a hexose transporter and an ATPbinding-cassette transporter, respectively, also evolved as a result of sub-genomespecific mutations that spontaneously occurred after domestication 5, 10 . Lr67res-like and Lr34res-like haplotypes have not been found in diploid wheat progenitors or in diploid cereals such as rice and sorghum. These findings show that the higher genome plasticity provided by the hexaploid bread wheat genome serves as a reservoir for the evolution of unique alleles that confer durable disease resistance.
These two His manuscripts will certainly fuel discussion about the exact molecular nature of the Fhb1 resistance. Further efforts are needed to clarify the seemingly contradictory results provided by the three papers describing Fhb1 gene cloning. Despite the conflicting claims, the publication of these studies is important and justified, and will allow the scientific community to critically assess the data reported in each manuscript. 
